ABSTRACT Normalized values of cross sections for the production of ions by electron impact on N20 and NO have been obtained by utilizing the relative flow technique. The accurately known values of cross sections for the production of singly charged ions of rare gases from the parent atoms have been used for the normalization.
INTRODUCTION
Nitric and nitrous oxide are important molecules for the chemistry of the ionosphere. NO + is one of the most abundant species in the thermosphere and also one of the major reactant at 10Wt2r altitudes. In the lower E-and D-region it undergoes reactions 112 with other atmospheric gases and plays an important role in the clustering of proton hydrates. Since NO + can result from the ionization and dissociative ionization of NO and N 2 0, many studies3-11 have been directed towards photon and electron impact ionization and fragmentation properties of these molecules. However, to date there have been very few measurements on the electron impact ionization and dissociative ionization cross sections of them which are important for modeling the earth's ionosphere. For example, no cross section values have been reported for dissociative ionization of nitrous and nitric oxide so far. Only the values of absolute cross sections for direct ionization have been published12~13 in the literature for both molecules and the maximum electron impact energy range has been restricted to 180 eV. Total ionization cross sections and total cross sections for the formation of fragment ions with kinetic energies larger than 0.25 eV have also been measured 14115 for both molecules in the energy range of threshold to 1000 eV. Total ionization cross sections have also been derived by the summation of all partial and dissociative ionization cross sections.
EXPERIMENTAL PROCEDURE AND APPARATUS
The experimental procedure, apparatus, and error estimation have been described in detail in our previous publications (ref. 17 and references cited therein) . Basically the apparatus, schematically shown in figure 1 , has the crossed electron beam-molecular beam collision geometry. The molecular beam is produced by flowing the gas of interest through a capillary array which keeps it confined18 in a beam of diameter close to lmm. The electron beam which intercepts the molecular beam at 90° is produced by thermionic emission from a heated tungsten hairpin filament, followed by magnetic collimation by an axial field of about 100 G or less by a solenoid. The electron beam has a diameter close to 0.5 mm. Therefore, the scattering volume 3 is estimated to be less than lmm .
As a result of collisions ions are produced. They are extracted out of the collision region by a pulsed extraction
technique. An important property of this technique is that very high extraction fields can be applied close to the interaction region without disturbing the electron beam. Details on the pulsed extraction technique can found in the publication by Krishnakumar and Sriva;;avalg.
For the experimental determination of the variation of the ionization efficiency of a molecule dissociating into a particular ionic species as a function of the electron impact energy the ion of interest is mass selected by the quadruple or time of flight mass spectrometer and its intensity is stored in a multichannel analyzer. The resulting spectra for various ionic species are called "ionization efficiency curves". Since the extraction efficiency, transmission efficiency, and charge particle detection efficiency of the detector do not depend on the electron impact energy no corrections to the shapes of these curves are normally required. However, the "overlap volume", defined by the overlap of the electron beam, molecular beam, and view cone of the detector, changes with the electron beam energy. Therefore, the gas under investigation and helium (He) gas are flowed together and the ionization efficiency curves for both are recorded one after the other. Since the shape of helium ionization efficiency curve is well known19 the variation of the overlap volume can be corrected. The measured ionization efficiency curve for the ion of interest is normalized to obtain absolute values of cross sections. They are obtained by the application of the relative flow technique [20] [21] [22] . Briefly, this technique utilizes ionization cross sections for rare gases19 as standards to calibrate the ionization spectrometer. The calibration factors thus obtained are then utilized to derive the absolute values of cross sections.
The error estimation follows the procedure described by Krishnakumar and Srivastava 22 . Typically an error of *3% is estimated in the shape of the ionization efficiency curve. The cross section values are estimated to be uncertain by +15%0
The onsets for different channels of production of ions are determined by the points of intersections generated by lines drawn through the various slopes in the ionization 
where other fragments may consist of both ionized and neutral species. Cross sections for processes (1) and (6) is a sum of all the above processes plus other ones which may result in the formation of ions such as multiply charged ions and ions resulting from the inner shell excitations. However, the magnitudes of all other processes are generally much lower than the ones mentioned above. Therefore, the values of UT obtained from the summation of op and Od are very close to the actual values (in our estimate the present results should be within 5% of the actual values) . The sum of all dissociative ionization cross section gives the total dissociative ionization cross sections represented by the T symbol ad .
We have measured the values of ap and ud for both molecules and summed them up to obtain the values of UT. Tables I and II present our values of cross sections for N20 and NO, respectively. They are also shown in figures 3 and 4 along with previously published data.
In Figure( The ionization efficiency curve for formation of N20+ is shown in Fig.(3) as curve (2) . For this ion its production starts at about 12.3 eV, reaches a maximum around 100 eV and smoothly decreases as the energy increases to 1000 eV. The solid diamonds represent measurements of Mark et al. 13 from threshold to 180 eV. Although their ionization efficiency curve has similar shape as ours the magnitudes of their cross sections are about 30% lower than the present measurements at 100 eV.
Our ionization efficiency curve lifts off from the X axis at 12.3 eV and changes its slope at about 14.2 eV indicating that some new channel for the + begins at this energy. production of N20
The threshold for N20+ production, given by photoelectron spectroscopy, is 12.89 eV (Ref. 23 ). The agreement between our value and this result is excellent considering the fact that our measurements are uncertain by about 0.5 eV. The ionization channels producing excited states of N20+ occur at 16.39 eV, 18.23 and at 20.105 eV, respectively, for the states A 22+, B 2T and C 2X+. Therefore, the change of slope for N20+ production at 14.2 eV must be associated with some other process.
Photoionization mass spectrometry studies24 have reported that the neutral Rydberg states converging to the A 2X+ ionic state interact with two continua (X2m)+e-and (4A1 l)+e-. (X2n) continuum leads only to N20+ production whereas (4A?') leads to N20+ and O+.
Cross sections for the production of NO + are presented in figure( 3) by curve(3). In the present studies the onset for the production of NO + from N20 is observed at about 16.2 eV Furthermore, additional changes in the slope of the ionization efficiency curve are seen at 19.5 eV and 21.5 eV. The rate of production of NO + increases by about 2.8 and 1.4 times, respectively, at the two slopes. Thermochemical calculations25 show that the onset for the process leading to NO + + N from N20 should be 14.19 eV. However, our results indicate this to be at 16.2 eV which is higher. Thus, 2 eV must be shared by NO + and N in the form of kinetic energies of these fragments.
For N2+ (Fig. (3)-curve(4) ) the onset begins at 17.5 eV. Two changes in the slope occur at 21.3 and 24.1 eV. The production of N2+ increases by about a factor of 3.5 and 1.6 at these slopes. Thermochemical calculations25 predict the threshold energy for the process leading to N2++0 to be 17.25 eV which is in excellent agreement with the present measurements.
For N + (Fig. (3) (Fig.(3) -curve(6)) appears at the electron impact energy of 16.01 eV followed by a change of slope at 18.5 eV. Thermochemical calculations25 predict a value of 15.29 eV for the onset for the reaction leading to the production of O++N2 from N 2 0. However, our value is higher by about 0.72 eV which indicates that the two fragments, 0 + and N2, share this excess energy in the form of kinetic energy.
The total dissociative ionization cross section, OdT, is also shown in figure (3) ionization efficiency curves for ions Curve (1) represents total ionization Our results are higher by about 18% than by Rapp and Englander-Golden14. However within the error limits of the two experiments the agreement is satisfactory.
Our measurements indicate that the threshold for the production of NO + is about 9.6 eV (Fig.4-curve(2) ) which is in excellent agreement with the value of 9.26 eV reported by photoelectron studies 23 . The ionization efficiency curve rises steeply peaking up at about 100 eV and then slowly 
CONCLUSIONS of the two experiments the agreement is
We have measured cross sections for the production of ions by electron impact on N20 and NO and compared them with previous results. The data for dissociative ionization are presented for the first time and are valuable for modeling the various plasmas. Our measured threshold energies for the production of various ions are, in general, in good agreement with the results obtained by the photoelectron spectroscopy. Our studies show that NO + and N fragments from the dissociation of N20 are produced with appreciable of kinetic energies which may have important effect chemistry of the ionosphere.
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